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Research Objectives

The research carried out under this grant [1] considered the vibration
and control of a linear non-conservative dynamic systems described by partial

differential equations of the form

f(x,t) on Q €1

[t

utt(x,t) + Llut(x,t) + Lzu(x,t)

1

Bu{(x,t) 0 on 3Q

where L1 and L2 are time invariant partial differential operators defined on
a Hilbert Space, HD’ consisting of all appropriately smooth functions satisfying
the boundary conditions, @ is a bounded open region in Rn, n=1,2,3, with
boundary 3Q, t denotes the time, and u(x,t) is the deflection at the position x
in Q. The subscript t denotes differentiation with respect to the time, t.
The boundary conditions are represented by the time invariant partial differential
operator B evaluated along the boundary 3Q. Further assumptions are made to
insure the existence of a solution of (1) of the form of a modal series.
The specific research objectives as listed in (1) ave:
(1) Extend the theory developed in [2-4] to include those problems
which have non self-adjoint operators L1 and L2 but rather for
which there exists an operator P defined on H such that the
operators PLi are self adjoint.
(2) Use test functions to describe point actuators combined with the
oscillation theorem of [2] to develop tighter bounds on the
residual modes of the control problem and to extend these bounds

to more general non conservative systems.

The next section describes the extent to which these objective have been met.
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Accomplishments

Objective (1) has been partially met by the following theorem, presented
at the 1983 SIAM Winter Meeting in November, which can be stated for (1) for
the special case of L1==O and L2 non-self adjoint.

Theorem 1: If there exists a self adjoint, positive definite operator P with
compact resolvent such that the product operator PL2 is a non trival self
adjoint operator with compact resolvent, then there exists a complete set of
eigenfunctions, {¢n(X)}, such that

o3

u(x,t) = x An(t)¢n(X)

n=1 .
is a solution of (1). Furthermore, the stability results and convergence
results listed in [3] hold for under this case.

This result shows that modal control methods can be used in some non
self adjoint cases. The physical problem known as a Phllieger's column offers
a non trival example of such a distributed parameter system.

Objective (11) has been more difficult to achieve and to date has only
yielded results primarily for finite dimensional approximations. Of course
the spirit of this work is to produce results based soley on the distributed
formulation, so that this work is viewed as preliminary. Results obtained
so far indicate that tight bounds can be found for the transcient response
of an approximate system. The bounds are stated in terms of the relative
values of the physical parameters of the system and can be shown to be better
than existing theories when the eigenvalues of the stiffness operator are

spread out and when the finite model has a large number of modes. This is

encouraging for the fully distributed case.
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In the special case that the stiffness and damping operators commute,

simple, gross bounds can be found for the residual modes in the control

problem and are given in [5], a copy of which is appended.

It has also been shown that the condition previously discovered by

Gibson [3] can be derived from the underdamping condition given in [4].

This condition insures that optimal control laws derived based on finite

dimensional models converge to optimal control for the full distributed

system and that the response is uniformly exponentially stable. The result

derived under this grant yields the physical interpretation that such

systems are underdamped (but damped) systems [6].
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principal investigator at conferences, meetings and seminars representing
work performed under the grant during the period from July 1, 1983 to
June 30, 1984.

"Control and Vibrations of Non-Self Adjoint Distributed Parameter Systems',
Seminar Series Department of Electrical Engineering, University of Rochester,

October 1983.

'""Modal Control of a Class of Non-Self Adjoint Systems', SIAM 1983 Fall

Meeting, Norfolk, Virginia, November 1983.
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Department of Mechanical Engineering, Ohio State University, January 1984.
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"Active Control of Decoupled Underdamped Systems'', 25th Structures Dynamics

and Materials Conference, Palm Springs, Califormia, May 1984.

"Microprocessor Control of the NASA-UVA Proof Mass Actuator', AIAA Dynamics
Specialist Conference, Palm Springs, California, May 1984.

"Frequency Domain Analysis of a Plate with Discrete Elements Attached',

Dynamics Specialist Conference, Palm Springs, California, May 1984.

"Eigenvalue Assignment by Constrained Optomization', JPL Workshop on
Identification and Control of Flexible Space Structures, San Diego,
California, June 1984.

"Finite Control in Underdamped Distributed Parameter Systems", JPL Workshop
on Identification and Control of Flexible Space Structures, San Diego,

California, June 1984,

"Research in Distributed Parameter Control Theory', AFOSR Forum on Large

Space Structures, MclLean, Virginia, June 1984.
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XVI ITACM, Lyngby, Denmark, to be presented August 1984.

"Decay Rates for Linear Dynamical Systems', Invited, 2Ist Society of
Engineering Science Meeting, Blackburg, Virginia, to be presented October
1984.
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